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(54) OPTICAL CIRCULATOR AND OPTICAL SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical circulator of four ports with a low 
loss and high isolation by using an inexpensive, small-sized and easily manufactur-able 
beam splitter(PBS). 

SOLUTION: Four pieces of respective terminal units 10-1 to 10-4 are constituted so 
that non-reciprocal parts 1 2 of which front and rear surface are made opposite are 
arranged on triangular prisms 13 and prallelogram prisms 14 of lower bottom surfaces 
of first PBSs 1 1 in parallel, and upper bottom surfaces of the PBSs of respective units 
become input/output ports of light. Respective terminal units face the same direction to 
be arranged in parallel, and second PBSs 20a-20d, a Faraday rotator 25 and a total 
reflection mirror 26 are arranged on a non-reciprocal part side. Since leakage light 
components occurring in respective optical elements are emitted in the direction 
different from the coupling direction of the port, and are attenuated further when they 
transmit through, the high isolation is obtained. 
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#fflR351 2-CEWSft-mtCfc 0 , -£<0-g|WjE 

[IH6-f*i#*>l>i:05 (A) tc^tidfc. P«3t*«aj 

[0046] got. ±aLJtmi«OPBSl 1-C<7)^ 
«3fefcH®cOg»^ilO. 05 (A) . ( B ) ICip-t J 

s?^7Mo-i^i<opbsi wmmim 

1 5-C^tS^mJtTOcJ: t3tg^?ni 
#\ 2HK£3*i*«>T\ raglco^i^jS^Sfcr/h? 

[0 04 7] ftf*«P3r3K«8BJ4£«iL^*>\ 
-h 3*>£>tf-h 2^co«i!fc£&trtctf-h4a>£>tf- 
h 3^com&th . IMLtzX- h 2*>£>tf- M *\cr> 

*\ &tz#-tlztt&Z1xt:tLXl>. ISJSO&ugg 

[0048] UUKDSMH. P B Sc7)jB3tit^lMa 
RSSCOE^IKC J: D£ t&**Ufe£ 3 0 d B fc-f S 
fc. ^-h4-3^2-lc03fctr|6liOT>fV^-X3y 
HU -fil-f tL#^8ST^< i 3 0 d B-fo 2 @«3f 
StlftOT. M*fctT6 0dB^3n2.:it{^ 

■) . jfcfrfciS^TM y u-v a y*mLx-% hzt(,z% 
h, 

[ 0 0 4 9 ] § t>iZ. *09T'«. &m-3---v hi 0 - 
1~1 0-4£fl|{iJttS#fflRaSl 2<02o<01/2& 
£«1 6, 1 7tf-ma±-lz8MZtiZ>fzib. 


(6) ^H¥9-258136 

1 0 

[0050] H6li. imm^T-^a.V~9<r)%2 

mmmmmza^x. m&o<&Fi-~vh<?)® 
mm^-ui^^mbx-mm-^ioizLx^i. 

[0051] JittWfcte. 0 1 izijittim(0itfr?3-- v 
M0-1, 10-2, 10-3. 10-4 2r±TfcS 
Witt. t&t. #SS?JL-.yM0-l~10-4cD 
mi OP B S 1 1 5-$j£-t£HftT'JXA 1 3»tm? 

io Egia^r'jXAi43& { 5v^i6j-rs. -eciT. -eit^> 

#T'J XA 1 3 ' t . sJHft&WEBajBX tf XA 1 4 ' 
£«3te#Stlgl5' £SEX/C»&-(Ml:LTJBltf>PB 
SI 1' 

[0052] Rttt. 0 1 £&-timK& 1 2 t>fifc£- 
fcSfU #ffi&g|Sl 2 l/2«fi«l 6tt. 

HftTyXA3fc*ft6]U l/2»fi«17tiWHffl 
JBT>JXA4fc#|6rt-S<7)T\ #fflKail6R±. 4 
*u *HB^17H±#±Tfcatfcfcfc, -Hl^fc-tt 

&Sl/2jfc*lKi6' , 17' £«^r*c:fc{=J: 

*). -*Wfc*4. 7T7T-lHlte^l8' 
ftitlX^t. ZtHz£*)W?P~rS>mz. JS^P^y 
M0' Sr«J&tS#a5,a*«. ffl^T^t 

[00 53] =5M3. ^lcOPBSl llffl*^ 

7 r 7T-[sH£^ 1 8 fcHAT U XA 1 3 ' jBfcr^r 
b 1 /2®.m. 1 6 ' fcjIBiUrftfcL 7 r 
30 ^18' tl/2mMl6' X'^iX^flJEmj^iZA 

5s^ohiik Lxmmm&>i>?. miz 1 /2Wtm 

16' mi)*t>M%¥&Shl 6* . 18' 5-jiaiL^3t 
Ji. ffi»til*»'R-*|6lt4 5J^foIiIlKtr P®3t«iS 
ffl* (Sffl^iPil*) fcr^Jft$fiSJ:a(c^LTV^ 
S. l/2jftft«17' fflTli. ±£fc{4^cO 

mfttftoXolzlX^Z. 

[0054] §^>t. SSS^JL^ y M0' $r±Ttai 
LKMzt i>&\ h l -4 t^SHfc:±Tt:E 
fit> 4)t. m2cOPBS20a~20c. 7r5f- 
40 0jS^2 5Mt/t:^RItS7-2 6?riE4?g)«Lfc. 

[0055] iJCfc:. ±fBLfcffiJft<03fc-9--* jlI^-^co 

[0 0 56] [HS^T|6li7«KS8] jK-M3&»^- 
h 2^mijftcr>m\i. 07fc^tJ:^fc^S. ^5: 
i?^. PIS (A) izijk-f Xoiz. ico^?i-.y 
h 1 OtCtJV^T. ^r^^A^OJUItTtllJ^W^X-C 

mi^PBSl 1' tcAltL. 
JSffil 5' ?PfiBfcfcS«#fc:4HB3*iS. P<B7t«^ 

50 «ii3^siRi5' zm&L. smmmmmmi 


1 1 

15 - T^LT¥fT0ja»7-yxAi4' xi>$m? 

[0057] #fflKaBl 2 ' T'J4. 7 r 7T-HIS^ 1 
8' , l/2jfcg«16' ^iffiS-ri.3feSSWi. P«3t 
* S A» ZtihW. ±M Lfc J: d £ft%¥SA 18', 

1 6 - TW&jmzA 5§tr^mm^ttPim<7)i *as 

St3ft&. 7 r 7^-0^1 8' , l/2&^ 

x\ ±MLt:£ d fc#^am a n is-. 17- -cm-* 

#ffiRa*12' a^ttSt£ii*:2*c7>3ttJ, fcifc 
PSftfc&S. 

[0058] JbS^HBRaJ 1 2 ' a^aSftfSfl*: 2#<9 
P«WtfH«i. 8S2OPBS2 0afcAlt$ft6#'. 
S&2C0PBS20a<7>«ft#ig&2 3fc. SIIOPBS 

11* <0«3fc#S£Igl 5' ^ffl*-m3cL-cv^<o-c. m 

2<0PBS2 0art-CliS«ftfcLT»l&$-S. 

T, 82c0PBS2 0<Dffl3fc#f8BI2 3-e£»S*U T 

m23XWgjmZiil. iftlcfc*). T*wwaBt 
tiW^y YZtlXlfflfry? r yf-m^ 2 5fcl&ltrC 

2mz&mtmiTS> r ). x-h2v>wmmntm- 

[0059] £&tt$7-2 6?%MZtlhZ 

fcfciOaS-e^r^r-lHHE^ 25^20^0. J82 
^PBS2 0b(CfcoTP«3foOft#MoT<£ (07 

(B) ) . ioT. &2<^PBS2 0b<?5il3te#l8llg2 
3£i§iiU 4Sfrfi^»/M2' •CJS^LT.-K-h 2fc 

^^ttiK gratis. 
[0060] mmcowmizmw h 2frt>7Jttzti 

fcJBi. {B«ii!c#tt^<^-h3t*g^$^ * 
- h 3 *><oA#$*i*3m®«flc#tt&< #- h 4 fcig 
£3*1*. .TOiofc. #WT14. 3fci*±T:t^fcfr* 

[0061] [adrAtcstraaai] jk-f 2»t># 

■C. 08HL UKDPBSll' TttSMSbtc^gS 
— aw*. JSfo^^MO' OSSIOPBSI 1' CO® 

3Mi? 1 5 - nmmtf&izx r>xpmx&88tz 

*U S(i3b!) { ®i$ttTLia. ftoT. AMIRS' 1 

2' ?ti, JjaLfc«t#fl£Bt^fc<4i£K. smft 

[0062] -tit. ^KOPBSll ' -COSMffii 
f520PB S 2 0 b-«iPfc&6W«3fcfrSI]g2 3& 
ifjSU <k%M$7-26TBlSiZtlhZtl,z£*)7T 
7T-®!!6?2 5£2[IljI'). ^2<OPBS20bfcrfc 

ixsmmzzmztiz. m-?x. tmmm23X'K 


(7) #^9-258136 

1 2 

MZtl. J^XTtzSKU 352<-OPBS2 0a?>{l3fc#St 
R2 0 aOfflfcftflU^ 3Xm&.mZtlX*-h lff> 

mmmz t m-^mt**- h 1 tzm^>xmtt. l*> 

U ±fELfc»l^at«8Kr8kH«C. IfSlOPBS 

1 1 - <m%ft?m2 3X"&8.zti. tMftems.*- 

V \<rM^-fiWz)mZixh. ZIX. -eo-a**'*- 

[ o o 6 3 ] ^Masa; 1 2 - cfcttsine^itc 

10 £-i<MWtli. msiz^-tXdiz^O. *»49Jg^ 

— -y mo' frbtmzti&mt. smxz&^xv* 
h. £~>x. jjeLfcssitfjPBsi I - x-mi-thm 

fcfcfc. ms^Bcs*.. ®»wicm<9PBsi 

1 - coMXtttmi smsft. h 
i«)jiv^rti(caats*i6. -f-LT. -e^-a****-!- 

lfclS^SftS**, 2Hl«SL-O^<0T\ ma&t) 

Ebfcsi 1 (vm.<mm.t mmx-hhox-. zvmwfc 

20 ftHSfc-g-frtS. 

[0 064] HI 014, *mitZ&&%&-**V-? 

<om3<7^m.<mm^Lx\^h . mwnz^tionz^ 

JS^JL- yM 0-l~10-4t. ^2<0PBS 

2 0a~2 0dcT)fgt. «»^IWi©S2 8Sr^SLT 

[0065] -rSri^ 1T«*^SIL 
fcSfc. Wtajajgr>JXA14ffl^jl43l£«K4. *<T> 
WESZBBrUXA 1 4cO«id<02fllK:ffl^-rS3te^8E 

30 si (YfTHSBtfr >j 1 4«o©d tmmnm) tn-r 

loffiaPBSi i««3l6iHtill5-C4HtS*i, K 

SN-&SS?^-5' M 0 - 2(Dm 1 «P B S 1 1 0>fflt 

fttmi 5T£tf&tih3LX'<?ymx'. 
tt:m£mit&c»x\ mmz^o timm.t:±i 

(om^b^LXLto. 

[0066] ZZT. *0HT*4. HftTUXA 1 3£» 

40 m®mfflm.2&zwm.L. tcm^wmm.2 

[0067] -tLT. ft*fl%:^4. 851tf>PBSl 

i mfimmwdm^sizmhti&ifyzcomm 

il. 5t-tht. mffltfflttm28cr>&ZDV. ^ 
02^7" >J XA 1 4 ?>-t2c9£ $ d C7) 3 fgc^g^ fc^r 

sidtcgjrrsfciv^ zvymommtLmzft 

50 fflS&M<4. ±EL^|gl^7)||it<0»StP«-CS)l.^ 
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[ 0 0 6 8 ] 2*:, ^(^^IWiKfflR^I^I-r&fitJt 

[0 0 69] zt>tz % mMtmmM2 8i:imtz>iiL 

<r>X\ mtimi 2fcSrtJ: dfc. HffJL— -/ Ml' 
PBSll' fc. ^NflRail 2' coStl^L-CtJ: 

<. %t>i,z\tw&mthw. itm&i 2v>m ( i 

*lt. mi^nsi[^©fc3tffit-ci.«t 

[0070]$ e></z. sss^jl- / h<7*ftiHfc£0-o7t8 
2<rmsL<mwc\t. ^2«oPBS(^a'(i:2r0Sifc 

*>T#S. t^r*>t>. 01 2fc^cr«kdtc. X-hn 
( ntt 1~3 ) frimZ1Xtei/tim8tZtL&m2<?>P 
BS<7)E.fj7VXJ»t. Ztltfm?&X-h <n + 
1 ) &^?JtlZnt:%&mMZti&m2coPBS<r)E.ft 
TlJX^fc£H*ftL£WTiaa«TyXA29' £JH 
WCV^S. otO. 3o0Wt0j2JBTIIXA2 9' £ 
flBfeJtfBJg2 3' Tl££U $<i>fc^|S«tC20<r)H 
«TUXA2 1 ' £*ft-?*l«ft#8tS!2 3' £tfLT 

2<oPBS£-H*wt3&fct£. ^ncj:o. 

O$£&&ffl«#0*l&. ^J:d^20PB 

S20- ^-*Wfc:»)SL^flijStt. hi nz^-rtm 
mftzm2vmk<?ffim(?>^-ftiizt>mffiT%&. 

[0071] fcfc, 1M Lti%m&cr>&imiftzZO£. 
l-25Zm^timt:W%LiZtf. *mte^tilzmhZ 

iipm%iz%m&t>ixtt: i /m%mz lx 1 

[0072101 3tt. *l6^m5<OH»<^®Sr^ 

i/o>6. *$mmm?i£. $L>izm%.<r>m±iz& 
mmm&r&xotzL. $Mt**r-ryi—^a 

i <?mfo<mmx'i±4 x-htttitf. m^(rmx\,t i 

W&kLX3X-\-tLX^hKth. WCEl^W: 
3 ootf- h (dWd LT 3 -?<D3g? jl - y M 0 - 1 ~ 
10-32r«IKM^J:3tEffri.. *LT. #Ji8^i 
-7M0-l~10-3i:ffillC, 3I2OPBS20 
a~2 0 c t 7-2 6 ?rSai-S . 
[0 0 7 3] ££T*ttCli» 3l2OPBS2 0a~2 
0ct^R«55-2 6fc^(c, *<r)-£m$7-2 

6 fc ^-^ffl^«*^^s«)gjfS3 o tmmtt 
at LX(oi/mm3 1 &ii&»jMiB8Lfc«i&* 
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m20P B S 2 0 a~2 0 c KfcttS SfiBbPftjfcfcfc 

[ o o 7 4 ] -e u: . ^sfli^tw^saic^v^TiiB^ 

[007 5] [flS£|6]OftSS] tf-Ma^AltSftfc 
3&aJiI2ri6|«9ftS&£0 1 4 KSrT . H0fc5jcf J o fc. 
#-M*»*>A8tSii.rt:3tti. 03fciicfm<9SUfc?> 
^.«tl^«t2*Wff^Sffcti:^oT«^i-'y h 
10 1 O-lfrhftttZtlZ. i-5Tlg2^PBS2 0a. 
2 0 bcDffi3ft«gB!2 3-e20RW$^T*Wl»lfc^ 
7b3*U «E*r«3 0lCS6. 
[0076] «JSJf«3 0W^«l«, SS20PBS2 
0 b ic*«-|> ss^^tc^rl. J: dlcBS LXhh<r> 

xmtmmLx. m&mm^mit \/4®.m.3 1 *r 

SSt. $^>fc^Rlt$7-26TRIt^-CSSl/ / 

4»€«3 1 zmct&zttzx*). n&ym&m^ o 
• nH&rs. £~>xz.(r>bZimmmisuzttLxtem 
mz^x^hox-. mm (b> (^r«fc9fc«s*f« 

20 •C£'7hL£1^2<DPBS2 0bfcA8t$ilS. 

[0077] -eLT. Cl^±, ^2<0PBS20bt 
*rLT{±PM5tt^-5TV^^-C«5^StK2 3 
LT. Jgfa^7M0-2ClS. <t->T. ±Etfe 

%mmmmtmmzm-3-=-v h 1 o -2 miam* 

tl. ,-K-h2fc{B«flc#tt^<*g-^Sn& (Sg^^»/ 
MO-2*^<oaj»figt5K-h2S:ffiS^S (WT 
Pt) ) . 

[00 78] %ti. ag*f«3 0O3fe^«5:, ±Efc^ 
fc^2<7)P B S 2 0 a~2 0 c fctJftS SMftff&ftUt 
30 fcl^J:3fc-rSi:, 02<??PBS2Ob*^jatfflE» 

<xtLxt> i®x'$>&<dt. msmzx- b 2izm&t 
zcoimtx-bh. 

[0079] 4^. X-V2frt>?JftZtv£mt. 01 

[0080] [3W(tf]<7>3KS5] i^fc:. ^- h 2*^^f- 
40 M^Oiia3K<%fei5fc:o^TilWS. 4i\ 06 
*-r«k3»c, ^-h2*^ASt$fi^3Kfi. SgfJ--!' 

^i- > y h 1 0-2*^PS3tt Lrajit^^. 
[0081 3 ZC0mtl%58.M*. SI2<0PBS2 0b<7) 

mmtm23*m&L. «js^f«3 0-c^7bu ± 

RW5 5- 2 6-t'RSt LTaa^-Sl^t 1 /4 jfcg«3 
UM*I«ntCjl3§-ri»^«»lB* i 9 0g[I51fet, SS 
(1^0 (B) mi) . ft-?T. mi^O^cO^ 
50 ®fcP?«fc. ^2<7)PBS20b, 2 0a<Offi3iyi-SllS 
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1 5 

2 3T2®%MtZtl%W Sg^i- y MOM 

[0 082] «ot, Jg^i- yM 0-lO£l«>P 

bs i immmski ±mi±x-h 

mom x-nmrntfRMmzmfcrtiiz x o > %<r> 
-mat- y i tts^fis ^< 1 1, 2 

[0083]-*. aW|6)fcjitf«ifcKtt. ±£Lfc3g 

*>. 01 i/4&m3 i?£.t zMwtom 

£*LTV>S. (A) tc^-fidC ;K-b2K 
AStStlfcftfi. lESTfcfttf Sffi3tC*&cD-C\ &2 
£DPBS20b, 20cTK8fU 3fcS&#>-:7 hSftfl 
Stf«3 0£S^fciaB-$-&. ^£-C»i01 5 (A) 
fc*Uttf-h 2*^-h 3^jttf«*|6ic03t8i:^ 

[0084] ^Rj»S7-26t:-R»LTMo-r<S|g 
l/4«£«3l£2[IBI)&r&a>\ zcrmsnm 

tzm$Lm&nizx?>mixf$.ft&hz>t. pm%&>*z 20 

fc&S. -T&fc. 1310 (B) tScTidfc:. 
C0ft»£2?t3t*. J&f J---/ MO - 2£A#3:h. 
S. *LT. &£Pffl3tti3t8^---y h 1 0-2OI&1 
<0P B S<DS3^SI§re£j£SfU h 2co 

^V^t|6»tTJl5St$aS. S&?^«/ MO 

<ti> 2mmtt<r)X'^ mm(T)%\ / im&t%h. 

[ 0 0 8 5 ] £ t> IC. tf- h 2*>£>A8tS;fl*:3fctt. ± 
EUtJ:9£2#c9Stl3fci;5:oT. H2OPBS20 
b fcAtt . ftoT » *#C**ltf<W*S 20)PB 30 

s2 0bco«^giK3o-csit5ixs^ mrnppji 

tzfjrt. 

[0086] HBfciicf J:dfc:. 352t9PBS2 0bj&» 

^tmztuzXi*. £B®t$7-2 6Tmztixim 
-f&feizi/4&m.3 1 zmufrt>mm-&c\tizx 

*). P«ftfc&S. ft-^T, mm(B) iz^-t Xdiz. 
«g*T«3 0-C^7 M*ft*:&!&2<DP B S 2 0 b izM 
oT<S. -£LT. ^SK0BiP«3tTfeSO-r^2 
C9PBS2 0b?>Ji3BNSHg2 0£i§jfiU 40 
M0-2£A»3*lS. 

[0087] -£LT. 3g^i-.yMO-2T-^l£$il 
fc3Bi, #M2cD&6ffiKft«tTtf50t£:h.6#. gS& 

v^ot, x-h2izm,xm>iz-fiitztz\uzm 

•th. X->X. tfM2ttt*&£U5rVV9T (isK-b 

[0 088] tf-h2*»£>AltS*t*:3fc 

HI 9 (A) (^-r«fc5fc:®2tOPBS2 0b-CR 
St$tlT^2<OPBS2 0cffl|{^7h$^^R»55 50 
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1 6 

-2 6KSS. ££St$7-2 6TK8t;**U 

1 /4&g«3 1 £tt8rf t <=J 0 P«3fcC:<f#$ 

ilTSg 2 <0 P B S 2 0 c KMoT < S . 
[0089] -eLT. (B) iZTrrtXoiZ. z.<m 

2<T)P B S 2 0 c<T)mi/ti&F&.lz X *) . P«7foD-gKi 

Mmtmxmztixiio. i-tt. ®mthm2 
copbs2 o b<Bfc:ifi]{rcattf*»\ pmmizmxftm 
m&wsfr&ox. ^aiaatu ^-ht*±<£^L 

[0090] £1z. 3-Sg2?)PBS20a, 20b<7)ffi 
U Jg^i-.y MOM. 1 0 - 2X<&f&i5ii&X- 

y-zti&zkizx*). tf-hi. 2izMvxm^z-rtt 

fztZZiZ&m-Z. XiX. #-M. 2{ctt*S£-L 
6. 

[0091] jMW3^0«fe«L2:V^ jK 
MMtzm.K ^M~3cov^ttJ6^-L=Sr^*v 
[ 0 0 9 2 ] -e UT, ^tt<0«©coJ: 3 tas*f«3 

meiz^Lt^2<rmt<mmcoo-h. 7T7f- 

IUi|6?2 5 S- 1 /4»*«2 3 1 t-TS bkhtz. 

1 /4»^S3 1 2<0PB S 2 0 a~2 0 c fc^O 
tag*f«3 0^I^LTfcJ:^ (02O#M) . 34 
fcii. H2 l. Wi22\iZ^Xo\iz. ', 

2 0 tr^L^«fi£tii»^IS*i««2 8 i^H^rs i 3 

[0093] Zt>iZ±fz. ±ELfcai7. 20~22 
<^8)SfcteV%T, l/4»^«3 1fc#^T. 4 5S0 

<i. #-h**3kLfc#. 4X-h&±Ti>i>*>?>A, 
X\\ 

[00 94] [3tX-f -/^cOKffl] IMLK&m&O 

fi«^i£&i<7>£JflV^!:t\ .-K-b 1-2-3 
-4-lt^^aH-SttSt. ^-M-4-3-2 

- 1 tfttfmfrhvm t *mwthc\tifix%h. 
o . nm&zmmh ? r yr-m.^ 1 

[0095] 


(10) 


81^9-258136 


1 7 

y y v fxmts. i^m^-j^xro -y 9<?mffi& 

m&izi ott fcillWfcWlWWf- h tit Wr**o 

[0096] #Aasi*tf- h *h-wck owra ( * 
vaiizmK&mmKK&nx. k»mt*i*<o 

[0097] sfcfc*?fcHjfc: J: tM. KfEcOW^i (Kffcg 

[01 1 ^IfcHBtcffiSTt-t-^il'-^^miOllil^ 
7$g£^-rfitj£0TS>&. 
[02 ] Jg^i^ y hO»iJc7)fllj£^^-r0T*S. 
[0 3 ] 0 1 £*-t*9--3f J- I'- ?OtfW9J0*« 

[@4 1 aitc^-r^-^fii— ?<ottmmmzn 

2X'$>&. 

[0 5 1 0 1 tc^-f ^ l/-*<D«W$!0-?-<D 
3T&S. 

[06 1 *m&>m-* *v-9<nm2mb<r>fm* 
[07] m6^^m-**v-?nftmmm*<r> 
[08] 0 6 i,z^-t%tf~* <r)ftmmm 

6TJ>£. 

[09 ] 06 K*-*-**-* 3.\y-9<Wmwm*:<?> 

exhh. 

[01 0] *mi<r^-**v-9<r>&3<rmiik<m 
[011] *m\<r>tt-* *v-9<r>W,A<r)mL<rm 

[0i 2}*mi<?^-**-\'-9<nm<nm.<r>im 
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S:^nmat0-cj>s. 

[0i 3] ^ifflwfc-*-* ^ u-?com 5 mmm 
®z*^®mxt>&. 

[014] 01 3iz^-r%;i)—*3-]s-?e>mm?m 

[0i5] 01 3iz*tm--**i'-?<?)mm?m 
*<r>2xbh. 

[0i6] 01 3tc*^-3t9--^j«.^-^^ffiiiBa0 

10 [017101 3^^3^-^r*^-^^ffiiHB0 
-?-«D4"C&&. 

[0i8]0i3 t^?**-* a. u-fommm 

*CD5Tt>h. 
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